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 If you have ever had a laboratory course in
science, the work you will do in this course will
probably come as a surprise to you. Typically,
in a teaching laboratory, the emphasis is on
verification; here it will be on discovery.

“Discovery of what?” you may ask. “How can
I, a mere beginner, discover a new fact of Na-
ture?” You are right; it is unlikely (though not
impossible) that you will, in the short time
available, discover a new truth in a field so
long cultivated. Then what may you expect to
discover?

Suppose you were asked: “What shape is the
earth?” You would probably answer, “Round.”
But suppose the first question were followed by
a second: “How do you know?” What would
you say then? The second question is not an
easy one. In trying to answer it you would dis-
cover a great deal—about the elementary ob-
servations (“facts,” in one sense) on which is
based your belief in the “fact” (in another
sense ) that the earth is round; about your meth-
ods of reasoning; about your motives in choos-
ing from among alternative hypotheses:—in a
word, you would discover a great deal about
yourself. Such is the sort of discoveries you
should hope to make in this course.

You already know quite a bit about biology.
You know something of how the human body
works, how plants differ from animals, and per-
haps even something of genes and enzymes.
Knowledge of these matters is in the air these
days. Frequently you might be able to answer
the questions in your manual without carrying
out the observations and experiments called for
—in other words, you could “dry-lab” the work.
But you had better not. There is a structure to
scientific knowledge  that you can appreciate
well only if you carry out the steps needed to
develop it, with some deliberation, with the ma-
terial before you. Furthermore, you will fre-
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The progress of science depends on both tools
and ideas. Laboratory instruction in biological
science is designed to make you familiar with
some of the more important tools and show you
‘how these tools are used to explore ideas, thus
answering old questions and generating new
ones. For more than two centuries, the principal
tool of the laboratory biologist has been the mi-
croscope. Through its use, biologists of the 19th
century arrived at that great milestone in the
analytical study of living things, the cell theory.
We shall presently study some of the evidence
that supports this theory, but before doing so we
need to become familiar with the tool that we are
going to use, the microscope.

Optical miscroscopes are of two kinds, simple
microscopes and compound microscopes. A sim-
ple microscope has but a single lens, like the
familiar magnifying glass. Such lenses are usually
of low power, typically magnifying each linear
dimension about ten times (10X ); but it is pos-
sible to make tiny, highly curved lenses that

B. Parts of the Microscope

Examine the microscope, comparing it with
Figure 1-1. Learn the names of the parts.

A microscope is an expensive instrument that
can be easily damaged by improper handling.
However, if you meticulously follow the rules
given by your manual and by your instructor,
there is little chance of your harming the instru-
ment. The most important “Do’s and Don’ts” are
illustrated in Figure 1-2.

At the start of each day’s work, wipe the out-
side surfaces of both ocular and objective lenses

* The initials refer to Biology Its Human Implications (Second
Edition) by Garrett Hardin, W. H. Freeman and Company,
San Francisco.
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Notlce that the visual field, as you look in the,

ocular, is brighter with one objective than it is

with the other, The brighter visual field is pro-

duced by the lower-powered ob]ective. e
Now look at the figures engraved on the barrel

of each objective. [2] What significant figures are

found on the low power? «.....coovuerve.inns :

e IR S Onthehlghpower?' ‘

....................................

Wlth the objective lens at least % mch from the
microscope stage, rotate the coarse adjustment
knob through one full turn. [4] About how far

does this cause the body tube to move? ........

The fine adjustment mechanism, like an auto-
mobile steering wheel, has a limited turning
range. It is most convenient to manipulate it in
the middle of its range. [5] One complete turn of
the fine adjustment knob moves the tube about

hOW fal'? © 8 6505058508508 008500080808080B000BEBBIsES

C. Use of the Microscope

Material that is to be looked at with the micro-
scope is best mounted on a microscope slide, a
piece of thin glass 1 X 3 inches, and covered by
a smaller, even thinner piece of glass called a
cover glass or a coverslip. Both slide and cover :
glass should first be washed with water and then
dried with cheesecloth, making sure that no lint
is left on them. Set slide and cover glass on a
clean, dust-free surface until needed.

Place a small drop of water in the center of the
slide by touching the dropper from a water bottle
to it. (See Figure 1-3.) From agreeable fellow-
students secure two hairs, one blond and one
brunette. Using forceps, place a half inch piece of
each hair on the slide so that they cross in the
center of the drop of water. Lower the cover glass
so as to trap as few air bubbles as possible.

Place the slide on the stage of your microscope
and adjust the light so that it is shining through
the mounted material. Swing the low power ob-
jective into position for use, being careful not to
allow it to touch the cover glass. While watching
from the side turn the coarse adjustment until
the objective is about ¥% mch from the cover glass.
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~ Raise the objective with the fine adjustment
until the hairs are just out of focus. Now lower
the objective slowly. [7] Which hair comes into
foous Brste . vuc. b il ey |8]. When the
top hair is in best focus is the lower one at all visi-

UBloP ... . .un s [8] When the bottom hair is

in focus, is the upper one at all visible? ... ... Sk

A perfectly prepared slide has no entrapped air
bubbles. But if your first slide is less than perfect,
it is just as well, for you need to learn early what
an air bubble looks like under the microscope.
Otherwise you may later think you have discov-
ered some wonderful new species of organism!
Before looking at the hairs further, find some air
bubbles and study them carefully, using the fine
adjustment to focus on various levels. Note the
characteristic shading of the edges of air bubbles.
You should recognize them for what they are
whenever you see them again.

You are now ready to examine the hairs under
high power; but first, some words of caution.
Every modern microscope is supposed to be par-
focal, that is, so constructed that the object will
be in focus with the high power, without any
further adjustment of the body tube, if focus has
first been secured with low power. However,
until you have verified that your instrument is
parfocal, you need to proceed with extra caution.

Still using low power, focus again on the
crossed hairs and center them in the field. Now,
as you watch from the side, swing the high power
into position, seeing to it that it does not scrape
the cover glass. This operation satisfactorily com-
pleted, look into the ocular. If the hairs are in

- focus, fine; if not, you will have to adjust the

focus.

When using high power, focus only with the
fine adjustment.

The high power objective clears the cover glass

».;.o-,-....‘--.n‘d\nntnc.u.py.tr.ia.r
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B - [33] What is
' color of those on the

[23] Was it necessary to use
the fine adjustment screw to get this evidence?

[24] Is it possible to get an accu-

rate, three dimensional concept of these small

structures without using the fine adjustment

lower surface as compared with those on the up-

[34] What are the
means of determining which hairs are on the up-
per surface and which are on the lower surface?

[85] When focused
on the tip of a hair only, can you determine
whether the hair is growing from the upper or the

lower surface of the wing?
make sure. [36] Are there hairs on the underside of

the large veins? [37] What property
of the material under observation is necessary be-
fore the underside of a structure can be observed
with the microscope without turning the material

over? ... [38] Are the hairs at
the margin of the wing horizontal, vertical, or

otherwise?

[39] What physical operation and what mental
process must work together in order to get a
three-dimensional concept when observing with

the microscope?
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~ in microns?
~ Switch to high power and observe the mm.
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' scale again. [42] Can you see two divisions in one

field? . .... Carefully slide the scale so

Lt

' & % ~ the right edge of the field is approximately in the

“middle of one of the lines on the scale. Note a
biemish or bit of dirt at the opposite edge of the
field. Slide the ruler very carefully so that this

speck of dirt moves across the field to the oppo- |

site edge. Find a second bit of dirt at the opposite
edge and repeat the operation by moving the
ruler in the same direction as before. Continue
this until the middle of the next division line on
the scale reaches the edge of the field. From these
observations you can estimate the diameter of the

[41] What is the dmmeter of ’the low power ﬁeldr
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A. Introduction

 In carrying out the laboratory work described
in this exercise you should have two purposes in
mind: first, to observe various kinds of cells, both
living and dead; and second, to learn to appreci-
ate what is meant by the word “observe.”

‘But, you may ask, is not the word “observe” a
synonym for “see”? Is not the former merely a
fancy substitute for the latter? Not at all: not as
scientists use the term. When you are asked to
observe an object or process, you are asked to do
something more than merely see it. What is this
something more? Arriving at a full answer to this
question will take time—perhaps the rest of your
life, if you will use it so—but (fortunately) we
can suggest a first approximation now, before you
start to look at cells. Morris R. Cohen,.a 20th cen-
tury American philosopher, has put the problem
thus:

Leeuwenhoek was, undoubtedly, a keenly in-
terested and close observer, because he was
looking for definite things. The ordinary man

Elodea (also known as Anacharis) is a flower-
ing plant which grows submerged in fresh water.
(See Figure 2-1.) It is useful for laboratory work
because its leaves are thin and simple in struc-
ture.

An Elodea leaf can be observed in the living
condition by removing it from the plant, mount-
ing it in a drop of water on a slide with a cover
slip, and examining it under the microscope. Im-
portant: keep the mounted leaf surrounded by
water, or it will die. When water begins to evapo-
rate from under the cover slip, it can easily be
replaced (See Figure 2-2) by placing the end of
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